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Abstract

Background  Today, packaging is essential for protection, marketing, storage, transport, and product
information. Cardboard is widely used for its practicality, low cost, light weight, easy production, and eco-
friendliness. This article examines the impact of packaging design on strength, cost, production speed, and
material use and explores ways to enhance this impact through packaging design. The article highlights
the importance of design in corrugated packaging and demonstrates how measurable methods, such as
box compression tests and CAD programs, can optimize packaging.

Methods An experimental study was conducted to mathematically demonstrate the impact of
design on packaging strength, cost, material use, production and setup time. Various packaging models
were created using a Kongsberg XL22 cutting table, and box compression tests were performed. Material
consumption, production speed and costs were also calculated, supported by a literature review and
experimental work on corrugated cardboard boxes.

Results First, to optimize packaging strength, cost, production speed, material use, and
environmental impact, developing an optimal design is key. Second, different box designs offer varying
benefits: lock tuck top insert bottom boxes are fastest to produce, while customer lock top slotted
bottom boxes are slowest. Third, glued insert bottoms take longer to produce but allow quicker customer
assembly, while slotted bottoms require tape and inserts. Boxes with interlocked bottoms and extra
inserts provide the highest strength, whereas glued insert bottoms offer the least. Fifth, inserts improve
strength, with automatic inserts being the strongest. Sixth, corners, folded edges, and monoblock surfaces
strengthen boxes, while cuts and holes weaken them.

Seventh, balancing production speed with cost is essential. Eight, standardizing packaging, optimizing
die-cut layouts and reducing unnecessary components help minimize waste, time, and energy, requiring
collaboration among designers and engineers.

Conclusions  This research identifies key factors in corrugated packaging design, focusing on cost,
strength, material use, and production speed. Design optimization improves these areas by considering
size, shape, cardboard type, fluting, inserts, adhesive and bending. The study combines experimental
findings with theoretical and technical knowledge, utilizing techniques like box compression tests,
edgewise crushing tests and design software.

The results offer insights for enhancing packaging strength, reducing costs, and minimizing production
time and material waste, thus providing valuable guidance for packaging designers and industry
professionals.
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1. Introduction

The increasing demand for packaging, competitive market conditions and limited resources
require the creation of higher-quality packaging. There are certain timeless components
in the packaging field that remain relevant. In addition to these, there are contemporary
requirements dictated by the needs of the modern age. Meeting these requirements, making
a difference, contributing significantly to the packaging field, and creating added value are
only possible through industrial design.

Like many products around us, packaging is also an industrial

design and should be developed from a design perspective. This article addresses the
contributions that can be offered to the field of corrugated cardboard packaging through
industrial design. Design principles to be considered in corrugated cardboard packaging
design are identified, and the contribution of technical studies to packaging design is
emphasized.

The demand for packaging is rising, with corrugated cardboard widely used for its lightness,
strength, low cost, storage efficiency, and eco-friendliness (Fitas et al., 2023). Increasing
market demands and competition drive the need for optimization, which improves durability,
reduces waste and costs, and minimizes environmental impact (Mréwczy ‘nski et al., 2006).
Optimized designs meet specifications, providing both strategic and sustainability benefits
(Ojstersek et al., 2020).

Optimization of corrugated cardboard packaging can be approached in various ways, with
this article examining it from an industrial design perspective. It highlights how design
choices impact durability, material consumption and production efficiency, supported by
experimental studies and calculations.

While previous studies have focused on technical factors like adhesive type, cardboard
structure and packaging dimensions, this article uniquely emphasizes the role of industrial
design. Unlike other studies, the originality of this article lies in its holistic approach to
revealing the effects of packaging design on strength, cost, production and setup time,
and material consumption. It covers key aspects such as packaging typology, lid models,
inserts, adhesives, costs, production processes and material consumption. The article
defines the interrelations between the factors affecting corrugated cardboard packaging.
These relationships are demonstrated both practically through box compression tests and
mathematically through calculations. Another unique aspect of the article is its examination
of the design’s impact on packaging strength using box compression tests. Titled “Effect of
Industrial Design on the Optimization of Corrugated Cardboard Packaging Optimization”
the article is organized into five sections. It begins by outlining the study’s objectives
and methodology, followed by an exploration of packaging history, design factors, and
optimization strategies. The authors present their own packaging designs, box compression
tests and calculations for material consumption, cost, and production time. The fourth
section, which constitutes the original and significant part of the article, presents the results
of box compression tests conducted on different types of corrugated cardboard packaging.
The results of box compression tests, varying based on box, insert, lid, and flute types, are
shared for the examined box combinations. The impact of corrugated packaging’s industrial
design on strength, cost, material consumption, and production/setup time is explained and
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mathematically validated through tests and calculations. Based on the data, the designs with
the highest and lowest performance in these aspects are identified, and their distinguishing
features are described. The features resulting from these packaging designs are described.

In the final section, the research findings are discussed, and the resulting design principles
for corrugated packaging are presented. Additionally, the final section provides guidelines
that serve as a reference for future studies.

This research demonstrates how design can enhance packaging strength, minimize material
usage, reduce costs, and optimize production. It explores design variations with different
strengths, costs, environmental impacts, and production speeds, offering recommendations
based on experimental findings and literature.

1. 1. Hypothesis
The article hypothesizes that the design of cardboard packaging plays a crucial role
in packaging optimization. It demonstrates through experiments, measurements, and
calculations that industrial design significantly impacts the cost, strength, production speed,
and material consumption of cardboard packaging. The article focuses on the industrial
design of cardboard packaging and presents its design principles. It advocates for a holistic
approach to packaging design, considering various components such as form, material,
cardboard and flute types, adhesive types, amounts and placements, folding locations and
quantities, size, and cutting plan. It also emphasizes the importance of utilizing technical

analyses in the packaging design process.

1. 2. Purpose of the Study
The article highlights the importance of packaging design by exploring both its creative and
technical aspects. It demonstrates how industrial design can improve corrugated cardboard
packagingthrough measurable methods like box compression tests and computer simulations.
The key objectives are to show how design affects strength, cost, material use, and production

speed, while also providing valuable insights for designers and manufacturers.

2. Method

The article is based on a literature review and findings from experimental studies. Sources
include industry publications, books, academic papers and interviews with experts, with
only relevant literature highlighted. Box compression tests were conducted on corrugated
cardboard boxes designed by the second author, as described in the article and illustrated in

Figure 1.
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Figure 1 Flowchart of the research on effect of industrial design on corrugated cardboard

The study used ArtiosCAD for packaging design and conducted factory-based box
compression tests to measure strength. Using computer programs, the production
dimensions, weights, cardboard consumption, costs, production and setup times were
determined. The article demonstrates that the design process can be quantified through
mechanical tests and computer-based calculations, enhancing the creative design process
with computational techniques. Additionally, it explores topics such as optimal packaging
design (Maltenfort, 1988), comparisons of different models (Yingzhe, 2014), material usage

and the design of an optimal box shape and cost (Chen et al., 2011).

3. Packaging

Packaging is an outer covering made from materials such as metal, paper, cardboard,
glass and plastic, designed to protect products from environmental factors and physical
damage. It facilitates transportation, storage, distribution, promotion and marketing,
ensuring an economical path to consumers. Additionally, packaging provides essential
information—like weight, price, production date, expiration date, content, manufacturer and
usage instructions—for consumer convenience (MEB, 2011). The mechanical properties of
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corrugated cardboard are determined by its layered composite structure, which varies based
on the type of cardboard, outer surface paper and flute type. The fluted inner layer offers
strength and flexibility while flat outer liners enhance overall rigidity. Cardboard’s fibers
provide strength in the machine direction but are weaker perpendicular to it. The advantages
of cardboard packaging—such as high strength, rigidity, lightweight nature and cost-

effectiveness—have contributed to its widespread use (Fitas et al., 2023).

3. 1. History and Development of Corrugated Cardboard

Corrugated cardboard is commonly used for fruit boxes, courier deliveries and various
packaging applications, with its origins dating back to the mid-19th century. Initially, wooden
crates were prevalent until they were replaced by cardboard boxes. In 1856, Edward G. Healy
and Edward E. Allen developed wavy paper for hat molds, leading to the layered corrugated
cardboard we know today. Albert L. Jones was the first to use corrugated cardboard as
protective packaging in 1871 for wrapping glass bottle (Fitas et al., 2023).

In 1874, Oliver Long improved Jones’s design by adding layers and a liner, enhancing the
material’s shock-absorbing properties. The first corrugated cardboard boxes were produced
in 1894 by Henry Norris and Robert Thompson for Wells Fargo. These boxes offered
advantages like durability, lightweight, low cost and easy storage, becoming popular in the
early 20th century, especially for packing glass items. After 1910, corrugated cardboard
evolved from mere packaging to an engineering material, with optimization efforts focusing
on properties such as compression resistance, bending and durability. The Technical
Association of the Pulp and Paper Industry (TAPPI) was established in 1915 to set standards
for corrugated cardboard packaging, starting with flute types (Fitas et al., 2023). The
demand for corrugated cardboard packaging has surged due to growth in the pharmaceutical,
cosmetics, food and beverage sectors and e-commerce. This revolutionary packaging material
is low-cost, lightweight, safe, sturdy and eco-friendly, making it a preferred alternative to

non-biodegradable plastics (Adamopoulos, 2006; Mrowcezy et al., 2022).

3. 2. The Need for Optimization in Cardboard Packaging
Increasing market demands and competition necessitate continuous innovation and
optimization in corrugated cardboard packaging for manufacturers (Adamopoulos, 2006;
Mrowezy et al., 2022). Although global production capacity has risen, escalating resource
costs compel manufacturers to minimize material usage and expenses (Garbowski, 2024).
Factors such as raw material shortages, climate change and growing global demands make
optimization crucial for efficient resource utilization, sustainability, and industry efficiency
(Flatscher, 2007).
Optimizing corrugated cardboard packaging aims to enhance durability while balancing
various design variables like size, shape and topology (Fitas et al., 2023).
Size optimization includes parameters like height, thickness and layers of cardboard. Shape
optimization addresses the design of outer layers, inner flutes and overall structure (Mei et
al., 2021). Topology optimization concentrates on the cardboard’s structural integrity and
wall configuration (Fitas et al., 2023). Effective optimization leads to increased durability,
reduced waste and environmental impact, lower costs and improved performance, providing
a strategic advantage and promoting sustainable industrial practices (Ojstersek et al., 2020).

Several articles address the goals of packaging optimization. One highlights the waste
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hierarchy model, which aims to reduce material waste, enhance efficiency and carbon dioxide
emissions during production. Achieving these goals requires optimal use of corrugated
cardboard, recycled materials and eco-friendly designs. A sustainable packaging model
can be developed using these variables. Technical design focuses on optimizing packaging
structure and materials for protection and efficiency, while supply chain design aims to
minimize waste from design to post-consumption (Dominic et al., 2014). Environmental
design seeks to enhance material reuse and reduce emissions throughout the supply chain.
This article, based on the European Waste Hierarchy Directive, explores material efficiency
and design strategies to minimize material use in corrugated cardboard glassware packaging
(Figure 2). It highlights the crucial role of industrial design in achieving waste hierarchy
goals—avoidance, reuse, recycling, recovery, and disposal. Optimal design reduces material
consumption, waste, and energy use by ensuring proper sizing, selecting recyclable materials,

and streamlining production processes.

Most Sustainable

Ayodidangce -
Reuse
TPmduct Recyeling
1Waste Recovery

(including Waste-to-Energy)

Disposal
Least Sustainable

Figure 2 Waste hierarchy model (Dominic et al., 2014)

3. 3. Effective Factors in Corrugated Cardboard Packaging
There are various effective criteria in packaging design. Key criteria in packaging design
include box type, corrugated cardboard structure, die-cut placement, bending stiffness and
flute direction. Design also impacts cost, strength, material use, environmental effects and

production speed.

3. 4. Packaging Design and Box Types

Packaging design is shaped by factors such as product characteristics, box weight and
dimensions, appearance, transportation and stacking methods, sales location, production
details, storage and customer demands. All these elements must be considered during the
design process (Box Basics, 2016; Cardboard Packaging Design and Production, 2024).
Various box types are created from corrugated cardboard, each with distinct shapes, sizes
and functions (European Database for Corrugated Board Life Cycle Studies, 2011). Some
boxes incorporate inserts for added strength and protection, including glued, automatic,
slotted, wrapped and support inserts (Cardboard Packaging Design and Production, 2024 ;
Most Popular Insert Types for Corrugated Boxes, 2024).
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Fflute, 0,75 mm Gflute, 0.55 mm

Figure 3 Box, cardboard and flute types

(Torgay, 2016; Box Basics, 2016; Cam Is Ambalaj, 2015)

Corrugated inserts offer the same durability and cost-effectiveness as the boxes (Most

Popular Insert Types for Corrugated Boxes, 2024). Different box and insert types can

be combined to create diverse designs. The most commonly used corrugated packaging

typologies and features, insert models, corrugated and flute types are shown in Figure 3.

The designs of the boxes determine their characteristics. Depending on the box designs, the

packaging’s strength, material usage, setup time, production speed and cost vary.
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3. 3. 2. Structure of Corrugated Cardboard
The composition of layers in corrugated cardboard, including thickness, weight and flute
types, impacts packaging strength during transport and stacking. The correlation between
paper, corrugated board and box is shown in Figure 4. The corrugated board of the packaging
consists of an outer liner and an inner fluted layer. The fluted inner layer offers strength and
flexibility while flat outer liners enhance overall rigidity. The tensile stiffness and bending
stiffness of the liner and corrugated cardboard are crucial as they influence the results of the
crushing stiffness test, ring crushing test, concora liner test, and corrugated crushing test.
These tests affect the results of the edgewise crushing test and the box compression test.
Therefore, the layered composite structure formed by the liner and corrugated cardboard,
along with the box form, edge bending, and packaging dimensions, significantly impacts the

packaging strength and the results of the box compression test (Figure 4).

Tensile stiffness

liner: SCTep(RCTep ,CLTep,CCTep)  Erwm Ercen
corrugated ECTep Bending stiffness
cardboard : Semp Seep

[ N

packages: BCT
BCT: Box Compression Test  CCT: Corrugated Crushing Test,
CLT: Concora Liner Test ECT: Edgewise Crush Resistance (kN/m)
RCT: Ring Crushing Test SCT: Crushing Stiffness

Figure 4 Correlation between paper, corrugated board and box

The optimal combination for packaging is tailored to the product and typically features the
hardest inner liner, the weakest center liner and second-hardest outer liners (Maltenfort,
1988). The middle layer’s strength relies on the flute structure. Electrical appliance
companies have successfully reduced five-layer cardboard to three layers by using high-
strength corrugated cardboard, enhancing both strength and environmental impact (Chen et
al., 2011).

3. 3. 3. Bending Stiffness of Corrugated Cardboard
Bending stiffness in corrugated cardboard is affected by the liner materials, center materials
and thickness. It reflects the relationship between the applied bending moment and
deflection in the elastic region (Markstrom, 1999). High bending stiffness also relies on the
production process, but crushing during production can reduce thickness and strength.
Greater bending stiffness improves packaging strength against internal loads and stacking

pressures.

3. 3. 4. Space Utilization in Packaging Design
Space utilization in packaging has both advantages and disadvantages. A larger surface area
enhances strength but increases cost and weight, which is not ideal for designers, customers
or sustainability. Efficient cardboard use is essential without sacrificing strength. Adjusting
the layout and orientation on the cardboard sheet can reduce space usage and improve
strength (Maltenfort, 1988).
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Figure 5 Two different nests containing four same packaging designs

Designers should aim to minimize material use and create eco-friendly packaging. Cost-
effectiveness should be a priority, focusing on minimizing dimensions. Significant savings
can be achieved by optimizing die-cut dimensions and conditions (Figure 5). Since
production line dimensions are machine-specific, designs must be nested efficiently within
die-cuts, making alignment and overall dimensions crucial.

Comparing layouts on a cardboard sheet shows financial differences; an optimal layout
reduces material waste and costs. Using smaller paper rolls minimizes waste and provides
environmental benefits. Attention to die-cut dimensions, product units, packaging graphics
and roll length is necessary to further reduce waste.

When designing packaging, the box’s dimensions should be considered. A 2:1:2 length/width/
depth ratio offers an optimal regular slotted container for board area (Cardboard Packaging
Design and Production, 2024). However, factors like printed material, content shape, pallet
arrangements and packaging machinery affect the layout. The best board area doesn’t always

ensure the ideal design. It’s important to focus on the specified criteria and optimal ratios.

3. 3. 5. Flute Direction and its Consequences on Design
Flute direction is an important design factor. Designers must assess the packaging’s use and
analyze various packages and inserts to determine the optimal flute direction. Typically,
the flute should run parallel to the package height; however, exceptions exist. For instance,
narrow packages stacked horizontally have perpendicular flute directions, while horizontal

dropbox inserts with corrugated edges protect fragile items from horizontal pressure.

3. 3. 6. Strength Cost Material Usage and Speed in Packaging Design

Key criteria influenced by packaging design include strength, cost, material usage,
environmental impact and production speed. The optimal packaging should be cost-effective,
durable, quickly produced and eco-friendly.

Figure 6 illustrates how corrugated board packaging design influences strength, material
usage, cost, and production/setup time. These factors are closely interconnected, with
design choices—such as shape, size, board type, flute type, folds, adhesive application, and
cutting patterns—playing a crucial role. While industrial design is not restricted in its impact
on these criteria, it should align with corrugated board design principles. For example,
excessively thin board should not be used merely to cut costs, nor should inadequate surface

area be chosen just to minimize material usage.
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Figure 6 Effects of corrugated cardboard packaging design on cost, strength, production time and material consumption

Cost: Factors affecting the cost of corrugated cardboard packaging include flute type,
grammage, thickness, box design, internal components, die-cut dimensions, cutting and
folding processes, machine specs, paper roll sizes, amount of adhesive and production
quantity (Figure 6a). The primary cost driver is raw material, as corrugated cardboard is
a multi-layered structure of paper and glue. Cardboard prices vary based on their physical

properties.

Strength: Strength is a key aspect of packaging design, influenced by factors like box design,
dimensions, glue amount, corrugated board type, flute type and material combinations
(Camis Ambalaj, 2015). Factors such as surfaces, glue, locking mechanisms, weaknesses
and reinforcements affect the strength of the design. These factors are shown in the figure
(Figure 6b).

Production and Setup Time: Calculating production and setup time is complex due to various
influencing factors. Speed is evaluated separately for production and setup. Key factors
include box model,

tops, bottoms, inserts, number of folds, glue quantity and machine specifications (Figure 6¢).
Machine selection can be optimized for speed and efficiency, with setup times varying by
design. For instance, side-sealed boxes require 30 minutes to set up, while glued insert

boxes take two hours. The gluing process can also reduce manual tasks. Considerations like
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setup, filling, closure and manual operations like taping are important for manufacturers,

customers, and users (Figure 6c).

Material Usage: Material usage in packaging is influenced by box and insert design, die-
cut dimensions, corrugated cardboard type, flute type, glue amount, waste ratio and total
cardboard quantity (Figure 6d). Key factors impacting environmental effects include the
amount of corrugated cardboard, waste ratio and box weight. Different cardboard types, with
varying paper combinations, flutes, and thicknesses, have distinct environmental impacts
(Oluklu Mukavva Sanayicileri Dernegi, 2015). Excessive glue areas in box designs should be
minimized (Kirwan, 2012). Companies should strive for environmentally friendly packaging
designs, as illustrated in the figure (Figure 6).

4, Experimental Study on Packaging

Figure 7 shows the contents of various papers related to corrugated cardboard packaging
(Fitas et al., 2023, p. 11-16). Various research papers on corrugated cardboard packaging
cover topics such as lifecycle phases, design, size, shape, topology, manufacturing,
distribution, material, dynamic size-related parameter changes, fibers, and adhesives (Figure
7). Many studies focus on optimizing packaging by examining adhesive type and quantity,
bonding locations, curing temperatures, paper composition, weight, strength, and water
absorption. Others explore box dimension optimization using the finite element method.
Reviews indicate that most research optimizes corrugated cardboard based on one or a few

parameters (Fitas et al., 2023).
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1 Size*
Related to
. fibers
i Design Shape*
Material

L Related to
Topology* adhesives

Lifecycle Dynamic size-related
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Manufacturing
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Figure 7 Research Topics on Corrugated Cardboard Packaging (Fitas et al., 2023, p. 11-16)
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While many articles on corrugated cardboard packaging focus on specific aspects, this article
emphasizes industrial design. It explores optimizing packaging design by considering type,
box typology, dimensions, lid model, adhesive, cost, production process and strength criteria.
The relationship between these components of cardboard packaging and its industrial design
is also examined.

In this research, the second author designed and produced box models, which were then
tested through experimental studies. The examined corrugated cardboard packages
for glassware are standardized rectangular prisms that facilitate stacking, storage and
protection. While they may appear similar externally, these packages differ in their
cardboard types, form typologies, base and lid designs, internal supports, folding locations
and adhesive placements.

This article explores how design variations impact strength, processing, cost, production
speed, and material usage, highlighting the design’s influence on key packaging factors. It
proposes that an optimal corrugated cardboard packaging design is cost-effective, durable,
resource-efficient, and quick to produce. Therefore, box designs are assessed based on their
cost, strength, material usage, and production/setup speed.

This research involved designing tube-type corrugated cardboard boxes produced with
the Kongsberg sample machine. Their strength was evaluated using a box compression test
machine, and the areas, weights, and costs were calculated based on the production of 10,000
units for each model (Markstréom, 1999). The experiments focused on tube-type boxes,
commonly used for packaging glassware and suitable for taller items, which can be shaped as
triangular, octagonal, or rectangular prisms.

The four common tests for corrugated cardboard packaging are the edge crush test, flat
crush test, bursting test and water absorption test (The Complete Guide to Understanding
Corrugated Boxes, 2024). Quality assessments follow the DIN 55468 standard, which
evaluates burst strength, edge crush resistance and puncture resistance (Corrugated
cardboard: History, manufacture, structure and types of corrugation, 2024). This article

conducted box compression tests in accordance with the relevant standards.

4. 1. Box Compression Test

The McKee equation and Finite Element method are commonly used in corrugated
packaging, relying on assumptions and software-based calculations. However, this paper
conducts practical box compression tests, directly measuring box strength. The box
compression test is a reliable and accurate method, offering direct testing on the packaging.
The box compression test evaluates the stacking strength of corrugated board packages
under transport conditions (Markstrom, 1999). It involves placing a sealed box between
flat plates that compress at a speed of 10-13 mm/min, measuring the maximum force and
strain at failure. Proper calibration and machine setup are essential for accurate results
(Cardboard Packaging Design and Production, 2024). This test is commonly used to estimate
specifications based on the, type of corrugated cardboard before production (Torgay, 2016).
Understanding the nature of the packaged product is vital for effective compression testing.
For example, crushable items require additional protection, while liquid containers generate
internal pressure, influencing packaging design. In contrast, robust products can handle
more stress, allowing for lower box compression test values. Safety factors vary depending on
the type of product being packaged (E. Yapca, personal communication, April 19, 2016).
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4, 2, Examined Corrugated Cardboard Packaging Designs
This study tested tube-type corrugated cardboard boxes designed for glassware, crucial
for protecting fragile items (Figure 3). A total of 24 boxes were created, resulting in 60
configurations by combining various boxes and inserts, which included automatic and slotted
designs. The boxes were made from E flute corrugated cardboard while the inserts utilized
both E and B flute materials. Each box accommodated six conical glass cups, each with
a diameter of 70 mm and a height of 100 mm. Although the boxes appear as anonymized
prismatic shapes, they feature distinct design elements (Figure 8). The standard box types
referenced are based on the “International Fibreboard Case Code” published by the European

Solid Board Organisation in 2016.
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Figure 8 Box combinations analyzed in the experimental study

4. 3. Research Findings
This article summarizes test results in tables prepared from preliminary data which
referenced the World Standard Comparison Chart by the European Federation of Corrugated
Board Manufacturers. The findings are organized into four categories: strength, cost,

production and setup speed and material consumption. The results are presented below.

4, 3. 1. Finding Regarding Strength

Box compression tests were conducted using the Devotrans test device following the TAPPI
T804 standard. The results are shown in Figure 9. The strongest box configuration featured
a customer lock top and slotted insert bottom. Among customer lock top boxes, the strength
ranking is: slotted insert bottom, interlocked bottom, lock tuck bottom, glued insert bottom,
ready-glued bottom and slotted bottom. For slotted top boxes, the slotted insert bottom
performed best, followed by glued insert bottom, interlocked bottom, lock tuck bottom,
slotted bottom and ready-glued bottom.

www.aodr.org 57



COMPARISON OF BOX COMPRESSION TEST VALUES

soz'1 I

oo 1 NN
ol
soz'1

ove'1 I
ocz't NN

seco NN
svco [ INEG—_—
ocefo T
s1s‘o [
ozs‘o N
ssco [N

so1'1 I
|
oost

soo'1
soc't I
sor1 [N

oce'1 NN
soc't NN
ot
sor't

o'y I

sor't I
g8 8 8 8 8 8 g8 &8 8 8
=3 333323385

N1

3007 JOW0ISN) - 119SU] PaNnfH)
3P0 JOW0ISNY) - JIISU] PINO[S
00T JOWOISN) - PIYOO[ISIU]
00T JowoISn)) - pan[n Apeay
00T JOWOISN) - on], YO0]
00T Jowojsny) - panols

HOSU[ PAROS - MAsU] pan[D
J10SU PONO[S - JIASU] PIARO[S

JI9SU PONIO[S - PayoolIdIU]
Hasu| pepojs - Pan[n Apeay
JI9SU PONIO[S - Yong Yoo
Hasu] paRo[s - panors

yong, }o0 - 119sujf panjn
Jyong, yoo - 1I9sU] pano[s
Jong, oo - payoorIu]
JONL YO0 - paniD Apeay]
MPNLNOOT - ONL Y007
yong o - panols

Pano[s - Jasuj paniH
—uuﬁoﬁm - Jasuy @Oﬁoﬁm
panois - payoopuy
PaNo[S - pongH Apeay
PaNo[S - yony oo
Pano[s - PanoIS

yed QO..—. - Jed wonog

A= -

PART

SLOTTED INSERT CUSTOMER LOCK

LOCK TUCK

SLOTTED

&%

LOCK TUCK READY GLUED  INTERLOCKED

BOTTOM i i

PART

SLOTTED INSERT ~ GLUED INSERT

SLOTTED

Figure 9 Comparison of box compression test results by box type.

E flute slotted inserts are used

COMPARISON OF BOX COMPRESSION TEST RESULTS
ACCORDING TO THE SEPERATOR AND FLUTE TYPE

I ynsoy 1891, 108
0090 I amy g ponois

00t°0

NNSAY 1S9 L, 1O
|y H PANOIS

SSI'T ANy g onewomy

¢ INSAY IS/ L 109
960 I oy g onewoNy

1,400
1,200
1,000

N

0,800
=4 0,600

0,400

0,200

0,000

M
M
.

BFLUTE

EFLUTE

FLUTE

AUTOMATIC SLOTTED

SEPERATOR

Figure 10 Comparison of box compression test results based on insert and flute type

58 Archives of Design Research 2025. 05. vol 38. no 2



The tests indicated that customer lock top boxes with a slotted insert bottom are the strongest
design while slotted top boxes with glued insert bottoms are the weakest. The folded edge
in customer lock boxes increases strength while slotted inserts weaken due to cuts and the
absence of corners. Inserts enhance box strength overall with vertical surfaces and double
walls contributing to durability. Boxes with automatic inserts performed better than those
with slotted inserts due to more corners and folded edges. Additionally, boxes with thicker
B-flute corrugated cardboard showed higher strength (Figure 10).

4, 3. 2. Finding Related to Material Usage
The number of corrugated cardboard sheets used in packaging depends on die-cut
dimensions, influenced by box designs and the number of units per die-cut based on their

length, width and depth. As the units per die-cut increase, the required sheets decrease.

COMPARISON OF PAPER AND GLUE USAGE OF THE BOXES
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Figure 11 Comparison of paper and glue usage of the boxes
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The package shapes also affect layout and quantity, with shape, size and adhesive amount
determining material consumption.

Material usage, measured in kilograms, varies by box model, with calculations based
on ArtiosCad drawings (Figure 11). The paper and adhesive amounts are considered
environmental impact indicators due to their measurability. Other factors affecting
environmental impact include material, energy, water inputs and outputs, transportation and
emissions (European Database for Corrugated Board Life Cycle Studies 2011).

The findings show that the customer lock top and lock tuck bottom box has the highest
material consumption while the customer lock top and slotted insert bottom box ranks
second due to reduced material usage. In contrast, the slotted insert bottom and slotted top
box has the lowest consumption, followed by the slotted insert top and slotted bottom box,
as they lack corners and folded edges. Design of the boxes and their inserts significantly

influences material usage (Figure 10).

4, 3. 3. Findings Related to Cost

In packaging design, cost is a crucial factor that includes all related criteria. Various elements
such as the structure and properties of corrugated cardboard, die-cut specifications, machine
characteristics, total manufacturing time, order quantity and transportation, all influence
the overall cost.

Materials are the primary contributors to packaging costs. Corrugated cardboard, composed
of paper layers and adhesive, varies in price based on its structure and manufacturer.
The total cost depends on the quantity of cardboard sheets and adhesive used, which the
packaging design influences. Packaging design also affects cutting and folding processes
during production, impacting costs further. For packages with inserts, the cost chart was
based on average prices for four different inserts: automatic, slotted, E flute and B flute
combinations. All cost calculations utilized the Camis preliminary cost system (Camis
Ambalaj, 2015).

The costs of different box models are shown below (Figure 12). The customer lock top-
locktuck bottom box has the highest cost due to its folded edges and large surface area.
Conversely, the slotted insert bottom with slotted top box is the least expensive, as it uses less
material and avoids folding processes. Generally, customer lock top designs are more costly,
followed by lock tuck top, slotted top and slotted insert top boxes. The amount of cardboard
and glue used per box directly impacts its cost. Higher material usage correlates directly
with higher costs. Different box designs incur varying costs, influenced by their shape and

material usage.
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THE COMPARISON OF THE BOX COSTS
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Figure 12 Comparison of the box costs

4, 3. 4. Findings Related to Production and Setup Time
Production and setup times encompass the duration of processes like packaging production,
setup, filling and sealing. Packaging design significantly impacts speed; designs that
facilitate quick filling and sealing are preferred while some may require longer machine
setups, slowing the process. Effective communication between manufacturers and customers
is essential to identify the optimal design.
Speed varies by design. While corrugated die-cutters are efficient, limited dimensions may
necessitate time-consuming manual
processing. Self-insert boxes eliminate the need for additional adjustments, streamlining
production. Production times depend on personnel experience and knowledge (Korol et al.,
2021).
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Figure 13 Comparison of the production and setup time of the boxes

Data on production times were collected from Camis Ambalaj San. A.S. and categorized by
box types, including machine setup times (Camis Ambalaj, 2015). The figure illustrates the
production times for various boxes (Figure 13). The customer lock top-lock tuck bottom
box has the longest production and setup times, while the slotted insert top-ready glued
bottom box has the shortest production time with average setup time (O. Celik, personal
communication, March 16, 2016). The lock tuck top-glued insert bottom box has the shortest
setup time but similar production times to others.

Generally, glued inserts increase production time, while slotted bottom boxes require extra
components.

Production times vary based on box design. Some boxes have long production times but short
setup times while others are the opposite. Overall, box designs should balance production
and setup speeds for optimal efficiency.
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d 4, 3. 5. Highest and Lowest Box Designs in Strength Cost Material Usage
Production and Set up Time

Different box designs have distinct advantages and disadvantages. The research identifies
which designs have the highest and lowest values for strength, cost, material usage,

production and setup times (Figure 14).
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Figure 14 Designs with the highest and lowest strength, cost, material usage, production and setup time

The fastest design is the lock tuck top-insert bottom box while the slowest is the customer
lock top-slotted bottom box. Glued insert bottoms take longer to produce but are easier to
setup. The strongest design is the interlocked bottom-customer lock top with extra inserts
while the weakest is the glued insert bottom-slotted insert top box.

Self-insert boxes excel in cost, speed and environmental impact but offer lower strength.
Because the inserts aren’t attached to the main body. Double-layer boxes are stronger and
the slotted insert top design is the most cost-effective and eco-friendly. In contrast, the lock
tuck bottom-customer lock top box is the most expensive due to higher material use (Torgay,

2016). Overall, inserts improve strength, but also impact space and cost efficiency.

5. Conclusion and Guideline

“Improving manufacturing and transportation processes is also key to quality improvement,
consequently reducing costs and improving customer satisfaction. By improving production

efficiency and reducing costs, packaging can be made more affordable and less susceptible to
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damage during transportation. This would result in faster delivery times and longer-lasting
packaging” (Fitas et al., 2023).

“As the world becomes more environmentally conscious, the corrugated board industry
faces new challenges. Waste management is a growing concern, as even though corrugated
boards are made from recyclable materials, they can still contribute to waste if not properly
managed. The industry must promote recycling and reusability while also reducing
the amount of material used in the first place. This ‘lightweight’ approach can result in
significant savings in costs, energy, and raw materials and is an important step towards
sustainability. The industry is also looking to find more sustainable inks, adhesives, and
other materials for corrugated board manufacturing, to further promote environmental
stewardship” (Fitas et al., 2023).

Different approaches can be explored to address the challenges faced by the packaging
industry. This article explores how industrial design can be used to address packaging-
related problems. One objective of this study is to illustrate the significance of design in
corrugated packaging. Another aim is to show that packaging design can be enhanced using
measurable methods like box compression tests and computer-aided design programs.
Through these goals, the research highlights key aspects of corrugated packaging design and
serves as a guide for optimizing cardboard packaging.

The research examines the effects of packaging design on cost, strength, material
consumption, production and setup speed. Based on literature reviews and experimental
findings, key factors for corrugated packaging design have been identified (Table 1).

These insights will aid packaging designers, manufacturers and customers. Important
considerations in cardboard packaging design include the dimensions of secondary
packaging, pallet sizes, the product being packaged, production capacities, existing
components, printing on packaging, production and setup times.

Cardboard packaging effectively protects products due to its strength which is closely linked
to design. Box designs should prioritize functionality and incorporate various components
like automatic, slotted and glued inserts, each affecting strength differently. To maximize
strength, an optimal design using the appropriate cardboard type is essential.

In multi-packs, employing a variety of inserts can be beneficial. But for production efficiency,
it’s best to use a single insert type per box. Different inserts necessitate varying cutting sizes
and settings.

Since industrial design is a very broad field, the priorities and weights of the criteria to be
considered in the design of different products may vary.

Corrugated cardboard packaging, as an example of industrial design, should be designed
according to general design principles, packaging field, packaging standards and current
conditions. In cardboard packaging design, aspects such as form, size, durability, appearance
and functionality are important, just as in other industrial designs. However, in addition
to these, factors such as increasing population, product diversity, and packaging needs,
declining resources, rising material, production, storage, and transportation costs,
the demand for fast production and practical assembly, environmental impacts, and
sustainability must also be taken into account.

Based on the studies covered in the article, principles for corrugated cardboard packaging

design have been determined (Table 1). It is believed that the identified principles and
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recommendations will guide designers and manufacturers working in the field of corrugated
cardboard packaging.

The thickness, flute type and paper combination of cardboard influence box dimensions, so
the corrugated cardboard type should be selected based on specific needs. When choosing
inserts, it’s important to consider their impact on strength, cost and production time.
Automatic inserts are stronger and faster to assemble but cost more while slotted inserts may
extend setup time. Factors such as shape, size, surface area, corners, edges and thickness of
inserts all contribute to the overall strength of the box.

Table 1 Designs Principles and Guidelines for Corrugated Cardboard Packaging

STRENGHT: Effective Design Principles in Terms of Strength
*Understand the product to be packaged and design packaging based on its characteristics and load.
*Choose the right corrugated cardboard for functional packaging
*Choose the right box typology, form, and dimensions according to the product.
*Use a high safety factor for box compression tests or apply the full formula.
*Avoid excessive package height, as it reduces strength.
*Consider the combination and properties of the inner and outer layers of corrugated cardboard.
*Optimize thickness, flute height, and width of the cardboard.
*Check the need for higher flute sizes.
*Minimize text and graphic prints on the cardboard to maintain strength.
*Use sufficient material for strength; larger areas enhance strength.
*Reinforce corners and avoid dividing them.
*Add folds in the design to enhance strength.
*Avoid unnecessary cuts, joints, or holes that weaken the structure.
*Use continuous surfaces and avoid fragmentation to maintain strength.
*Avoid adhesive joints that weaken the cardboard.
*Implement automatic separators for faster, more durable results.

SPEEED: Effective Design Principles for Shorter Production and Setup Time
*Understand the product to be packaged and design packaging based on its characteristics and load.
*Select the appropriate corrugated cardboard type and ensure the packaging is functionally suitable.
*Choose the right box typology, form, and dimensions according to the product.
*Use a high safety factor for box compression tests or apply the full formula.
*Avoid excessive package height, as it reduces strength.
*Consider the combination and properties of the inner and outer layers of corrugated cardboard.
*Optimize thickness, flute height, and width of the cardboard.
*Check the need for higher flute sizes.
*Minimize text and graphic prints on the cardboard to maintain strength.
*Use sufficient material for strength; larger areas contribute to greater strength.
*Reinforce corners and avoid dividing them.
*Add folds in the design to enhance strength.
*Avoid unnecessary cuts, joints, or holes that weaken the structure.
*Use continuous surfaces and avoid fragmentation to maintain strength.
*Avoid adhesive joints that weaken the cardboard.
*Implement automatic separators for faster, more durable results.

COST: Effective Design Principles for Cost Efficiency
*Use the optimal type and amount of corrugated cardboard.
*Avoid cost-increasing processes like gluing and adding extra components.
*Keep the design simple by minimizing unnecessary parts.
*Focus on resource efficiency during production.
*Plan the placement and dimensions of cuts to minimize waste and scrap.
*Optimize nesting and clippings to reduce die cuts and material waste.
*Choose paper and adhesives that offer competitive results for suppliers and converters.
*Base pricing on the final design, considering cost factors.

MATERIAL: Effective Design Principles in Terms of Material Consumption
*Use the appropriate amount of material to avoid excess or insufficiency.
*Plan cutting dimensions and shapes to minimize material waste.
*Avoid unnecessary components that increase material usage.
*Use an optimal amount of adhesive.
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Placing double-wall cardboards vertically with aligned flutes boosts box strength, ideal for
high-strength needs. Taller bottom inserts also enhance strength depending on the type.
Automatic inserts provide the most strength, followed by slotted while glued inserts are the
weakest.

Key design factors like corners, folded edges and monoblock surfaces strengthen the box
while cuts and holes reduce strength. Avoiding unnecessary cuts, especially at corners, is
important. Maltenfort suggests each reinforcement adds 0.05 units of strength while each
weakening subtracts 0.05 units. While larger areas can increase strength, they also raise
costs, so designers should aim for an optimal balance.

In packaging, it’s curicial to use an optimal amount of cardboard, inserts and adhesive
while considering technical details (Paperboard Packaging Council, 2000). Box compression
tests and strength measurements should be tailored to the product, as its sturdiness affects
packaging strength requirements (E. Yapca, personal communication, April 19, 2016). For
instance, squashable or powder products may lose their shape while liquid containers can
exert pressure on the packaging, potentially damaging it. In contrast, solid products are
self-supporting. Thus, the required Box Compression Test value should be lower for stable
products compared to more vulnerable ones.

In packaging design, prioritizing factors depends on customer needs, leading to varied
decisions for different packaging types. While cost is important in corrugated packaging,
especially in competitive industries, it doesn’t always indicate strength. Lower costs don’t
guarantee reduced strength, nor do higher costs ensure greater strength. Strong and low-
cost packaging can be achieved through effective design and production planning. Inserts,
cardboard type, material quantity, glue, visual effects, packaging form and production
volume all impact costs, making careful consideration of these factors crucial for optimizing
performance and cost-effectiveness.

In corrugated packaging, production and setup speed are crucial due to customer demands
for quick turnaround. Factors such as packaging design, machinery capacity and customer
facilities affect production time. While ready-to-use glued inserts and trays may cost more,
they are preferred for high-volume production because they streamline setup and filling.
Balancing production speed with cost is crucial for optimizing the packaging process.
Designers must consider that complex box designs requiring customer assembly can
significantly extend setup times. Research indicates that manual filling and setup can
take longer than production itself. Standardizing packaging and production is essential for
achieving fast rates and collaboration among designers, engineers and workers is key to
optimizing processes.

Unnecessary extensions and components should be avoided in packaging design to reduce
resource waste, production time and energy consumption. The amount of corrugated board
and glue used is closely linked to production volume. Simple designs help reduce waste. The
amount of cardboard largely depends on the die-cutting layout, so optimizing designs to
reduce die-cut size is crucial. Additionally, the environmental impact should be considered
when developing optimal packaging designs.

This research compares various cardboard glass cup packaging models and future studies
can explore diverse designs based on these findings. The analyzed cardboard packages can

be revised and redesigned for better outcomes, with the effects of these changes evaluated.
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As an eco-friendly and lightweight material, corrugated cardboard has potential applications
beyond packaging. The design principles highlighted in this article can guide its use in
various industries.
Given limited global wood resources, it’s essential to minimize waste and explore alternative
materials (Korol et al., 2021; Kwidzi'nski et al., 2021). Reusing materials and producing
lightweight furniture with cardboard can enhance sustainability, potentially increasing
the use of corrugated cardboard in wood-intensive industries like furniture (Jivkov et al.,
2021). Designers must understand these principles to effectively utilize cardboard in various
contexts. While the article focuses on packaging, it highlights key design principles applicable
to future corrugated cardboard products in different fields. The article combines research
findings with theoretical and technical knowledge in cardboard packaging design. Current
techniques, such as box compression tests, edgewise crushing tests, and computer programs,
can assist designers in the design process. Integrating creative and technical elements can
lead to more effective packaging designs.
Utilizing technical studies during the design process is not a cost-increasing or time-
consuming task. Such studies are beneficial as they help eliminate potential errors in
the future. Developing corrugated cardboard packaging designs based on the technical
studies and packaging design principles outlined in the article is important for achieving
optimization in packaging design.
Paying attention to the corrugated cardboard packaging design principles outlined in the
article during packaging production will provide various direct and indirect benefits on both
micro and macro scales beyond those mentioned here.
Industrial design offers several contributions to the field of corrugated cardboard packaging.
Some of these contributions are as follows:

Contributing to service system design by ensuring the promised service is delivered

effectively.

Supporting service system design by enabling the secure protection, storage, and

transportation of corrugated cardboard packaging and the products they carry.

Enhancing user-centered design by ensuring customer satisfaction for those who order the

packaging.

Contributing to user-centered design by allowing users to assemble the packaging quickly

and practically.

Extending the lifespan of packaging and the products it contains by ensuring the

packaging functions as intended, thus contributing to the product life cycle.

Enabling the production of environmentally friendly products and packaging by reducing

material usage and minimizing environmental impacts.
Corrugated cardboard is a lightweight, insulating, eco-friendly and cost-effective material
suitable for various industries. This research provides valuable insights into corrugated
cardboard packaging, helping designers improve strength, reduce costs and minimizing
production time and material waste. The article highlights the potential applications of
corrugated cardboard across various fields and serves as a resource for both customers and
packaging designers. Additionally, it offers insights relevant to diverse sectors, including
exhibitions, furniture, lighting, transportation, visual arts, architecture, interior design, civil
engineering, industrial design and logistics.
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